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CLAIMS; 

1 . An ion-ion plasma source comprising: 

a processing chamber comprising a large concentration of halogen gas; 
5 a second chamber coupled to the processing chamber; 

an electron source for producing a high energy electron beam in the second 
chamber; 

means for confining the high energy electron beam; 
wherein the high energy electron beam produced in the second chamber is injected into 
10 the processing chamber and is confined by the means for confining, the confined high 
energy electron beam in the processing chamber ionizes the halogen gas creating a dense 
ion-ion plasma in the processing chamber that is continuous in time. 

2. The system of claim 1 wherein the high energy electron beam injected into the 
1 5 processing chamber creates a ion-ion plasma by ionizing and dissociating the gas 

molecules into a group of cold plasma electrons, free electrons and positive ions, and the 
cold free electrons created in the plasma attach to halogen molecules forming negative 
ions producing a dense plasma comprising a large concentration of positive and negative 
ions and neutral radicals. 

20 

3. The device of claim 1 wherein the means for confining the high energy electron 
beam is a longitudinal magnetic field applied in the direction of propagation. 
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4. The device of claim 1 wherein the processing chamber contains mixture of 
multiple halogen-based gases and non-halogen gases, 

5. The device of claim 1 wherein the processing chamber contains a gas mixture 
5 comprising a large concentration of halogen-based gas with a large attachment cross 

section at electron energies below 1 eV. 

6. The device of claim 1 wherein the processing chamber comprises at least one 
substrate stage for disposing the material to be processed, and comprising means to vary 

10 the distance between the at least one substrate stage and the high energy electron beam. 

7. The system of claim 6 wherein a longitudinal magnetic field applied to the 
processing chamber shapes and confines the high energy electron beam and reduces the 
plasma electron flux to the substrates. 
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8. The device of claim 1 wherein the high energy electron beam within the second 
chamber is approximately 2000ev. 

9. A method for creating an ion-ion plasma continuous in time comprising: 

20 a processing chamber containing a large concentration of at least one halogen gas; 

a second chamber coupled to the processing chamber; 
creating a high energy electron beam in the second chamber; 
injecting the high energy electron beam into the processing chamber; 
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shaping the high energy electron beam injected into the processing chamber with 
a magnetic field; 

wherein the high energy electron beam injected into the processing 
chamber ionizes the halogen gas creating a dense ion-ion plasma in the processing 
chamber that is continuous in time. 

1 0. The method of claim 9 wherein the high energy electron beam injected into the 
processing chamber creates a ion-ion plasma by dissociating the molecules of the halogen 
gas into a group of cold plasma electrons, free electrons and positive ions, and the cold 
free electrons created in the plasma attach to halogen molecules forming negative ions 
producing a dense plasma comprising a large concentration of positive and negative ions 
and neutral radicals.. 

1 1 . The method of claim 9 wherein the high energy electron beam within the second 
chamber is approximately 2000ev. 

12. The method of claim 9 wherein the processing chamber contains a multitude of 
halogen gases. 

13. The method of claim 9 wherein the high energy electron beam is shaped and 
confined by a magnetic field which provides uniformity over a large area and minimizes 
the loss of electron energy. 
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14. A system for plasma etching comprising: 

a processing chamber containing at least one processing stage; 

a substrate material to be processed disposed on the processing stage; 
5 a masking material applied to the substrate material to coat selected areas of the 

substrate material while leaving other areas of the substrate material exposed; 

means for producing an ion-ion plasma continuous in time within the processing 
chamber wherein said ion-ion plasma comprises, negative ions, positive ions and neutral 
radicals; 

1 0 wherein the ion-ion plasma etches the exposed area of the substrate material and 

the strength and polarity of the walls of the processing chamber is altered to control the 
rate at which charge is accumulated on the surface of the substrate material. 

15. The system of claim 14 wherein the ion-ion plasma source is comprises: 
15 a processing chamber comprising a large concentration of halogen gas; 

a second chamber coupled to the processing chamber; 
an electron source for producing a high energy electron beam in the second 
chamber; 

means for confining the high energy electron beam; 
20 wherein the high energy electron beam produced in the second chamber is injected into 
the processing chamber and is confined by the means for confining, the confined high 
energy electron beam in the processing chamber ionizes the halogen gas creating a dense 
ion-ion plasma in the processing chamber that is continuous in time. 
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